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MU1TI-BKAM OPTICAI. SCANNER 

BACKGROUND OF THE INVENTION 

The present invcniion relates lo a multi-beam optical 
scaaucr aod more particularly to a tnulli-bcam optical scan- 
ner realizing a ligjit spot in an appropriate form on a scanned 
surface m6 effectively reducing degradation in image qual- 
ity of a recorded image due to pitch deviation. 

BACKGROUND OF THE INVENTION 

An optical scanner has been known in relation to an image 
formuig apparatus such as a digital copying machine, an 
optical printer, and an optical printing machine or the like. 
In the optical <%canncr as described above, there has been 
proposed 3 multi-beam optical sc arming system for optically 
and concurrently scanning an image with a plurality of 
scarming lines for the purpose of speeding up an operation 
for writing images by way of optical scanning. 

In the multi-beam optical scanning system, there is some- 
limes a case where scanning lines Cur optically and concur- 
renily scaiming axe not adjacent to each other. Hiere has 
been proposed, for instance, in Japanese Patent Publication 



No. HEI 6-4{l]8846, a so-called "interlace scanning" type of 



multi-beam optical scanner in which interlace scanning is 
caccuicd by means of three scanning lines withoait one line 
therebetween. 

In the interlace scanning as described above, selection of 
a signal for modulating each beam is irregular, so that optical 
scanning is easily complicated, and in addition, scanning 
lines for optically concurrently scanning are also largely 
spaced therebetween, so that "a rate of pitch deviation** of 
optical scannii2g due to a bend in the scanning lines becomes 
large, which makes it easy for image quality of a recorded 
image to degrade. 

In the mulli-beam optical scanner, there are strict restric- 
tion over a magnification in an image-formation system 
provided in a space between the light source and the surface 
for scanning due to a relation between pitches of scanning 
lines, and because of the restrictions over a magnification as 
described above, a position of an optical system to be 
provided in a side of the light source from the optical 
deflector must be closer to the optical deflector, and for this 
reason, a layout of optical arrangement becomes difficult. 

FunhcT, if a ^'hybrid" combination nf two nr more 1,D 
light emitting sections or LED light emitting sections is 
employed as a light source having a plurality of Ix^t 
emitting sections tised in the multi-beam optical scanner, 
there occurs a problem of "wavelength deviation" that 
wavelengths of combined light emitting sections arc not 
identical to each other, and when this wavelength deviation 
is present therein, constant velocity characteristics of optical 
scanning or the like may vary for each light emitting section. 

What is known as a multi-beam optical scanning system 
is disclosed in Japanese Patent Publication No. HEI 
7-111509, but in this optical scaiming sj-stem a focal length 
of a lengthy lens for correcting surface offset is as short a& 
15 mm,"and for this reason the lengthy lens is provided at a 
position close to the scaimed surface, which makes larger a 
length in a direction corre^x)Dding to the main scanning as 
well as cost of the lengthy lens higher, and also toner 
splashed from a developing device generally provided adja- 
cent to I he scanned surface easily makes ihc lengthy lens 
comaminaiec. 

SUMMARY OF TIIE INVENTION 

h is an objcci of ihc present invention io effectively 
reduce ucuiadaiiun in image quality in a recorded ima^c due 
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to pitch deviation, io addition, to cDable eSectivc reduclioD 
of cost of z IcngUiy lens included in ao optical system for 
converging dcflcctcd'lighl fiuxc^ on the scanned surface, and 
also lo cUcctivcly suppress coDlamiDatiuD of the IcDgtby 
5 lens due to splashed looei. 

It is anoibcr object of the present invention to realize a 
multi-beam optical scannci in which a layout of optical 
arrancemcDi is easy arid which is bardlv aBected bv wave- 
length deviation in the light souxce. 

The muiti-heam optical scanner according to the present 
invemiuD comprises a light source fur a mulli>bcam, a 
coupling lens, a first image-formatioD system, an optical 
deflector, and a second image-formation system. 

Herein, the light source for a multi-beam is a mnriolithic 
light source in which a plurality of LD light emitting 
sections or LED light emitting sections are arranged in a 
direction corresponding to an auxiliary scanning. The light 
source for a multi-beam can also comprise a plurality of LD 
light emitting sections or LLD light emitting sections by 

~^ means of hybrid combination thereoL A plurality of light 
emitting sections obtained by the hybrid combinalioo 
thereof are different bodies from each other. 

Herein the direction conesponding to auxiliary scanning 

^ is defined as a direction corresponding to a direction of 
auxiliary scanning in parallel on a virtual light path Hncarly 
extending along an optical axis in a tight path from the light 
source lo the scanned surface. 

The coupling lens is a lens lor coupling a plurality of light 

^ fivxcs from the light source for a multi-beam to an image- 
forming optical system (optical system for forming on the 
scanned surface images in a plurality of li^t emitting 
sections in the light source for a multi-beam). A mode of 
coupling can be s mode for converting light fluxes from light 

^2 emitting sections coupled to each other to parallel light 
fluxes or a mode in which each of light fluxes becomes oik 
having weak cooverging performance or weak diveiging 
performance. 

The flrst image-formation system is an optical system for 
fr>cusing a plurality of light fluxes coupled by the coupling 
lens and forming an image as a pluraHiy of line images each 
long in a direction corresponding to the main scaniung, and 
can use a convex cylinder lens or a concave cylinder roirroi 
withotit having power in the direction corresponding to the 

45 main scannmg. Herein a direction corresponding to main 
scanning indicates a direction corresponding to a direction 
of main scanning in parallel on ihc virtual light path. 

The optical deflector is a means having a deflecting 
reflccDon surface provided adjacent to a position for formmg 

50 an image ou! ot a plurality ol line images for deflecting a 
plurality nf light fluxes, and a known polygon minor, a 
rutaiing duublc-facc minui, oi a ruutiog singlc-Ucc mirrui 
or the like may be used for ibis purpose. 

The second imsgc-lormaiion system is an optical system 
55 fnr scparaiing a pluraltiy nf lighl flukes dcftccicd by ihc 
optical deflector from each oilier lo an auxiliary scanmog 
direction on a scanned surface and converging the pluraliiy 
of light fluxes as a plurality of light spots optically scanning 
the surface lo Ix scanned in accordance with deflection of 
6C the light fluxes, and mcludcs a lengthy lens pro\*idcd on the 
side 01 £ scanned surface. Namely, ihc second image - 
formaiiOD system comprises a f6 leus and a lengthy leas 
provided on ihe side of the scacmcd surface ihcrcuf. 
The lengthy iens is a lens bavmg function of ccnectm^ 



surface offset [and curve of an image surface] each in the 

optical deflector and curve of an image surface such as a lengthy cylinder lens or a lengthy 



toroidal Icn^ or the like. The lengthy unoKlvl lens may also 



include a barrel-shaped toroidal surface as a concave lens 
surface with a curvature radius thereof in a direction corre- 
sponding lo auxiliary scanning being smaller in accordaiice 
with its separation from the optical axis in a direction 
corresponding to the main scanning. 

The second image-formation system may comprise a 
constant-velocity optical-scanning image-forming mirror 
and a lengthy toroidal lens as a lengthy lens provided on the 
side of the scanned surface other than the configuration by 
combiniiig two types of lens as described above. 

A lateral magnificatioD P in a direction corresponding to 
the auxiliary scanning in a composite system of the optical 
system between the light source for a multi-beam and the 
scanned surface satisfies the following expression: 

and a plurality of light spots optically scan scanning lines 
adjacent to each other. 

The lateral magnification p is made larger than 2, and by 
employing a ''scaling-up type" of composite system, a 
lengthy lens included in the second image-formation system 
can effectively be separated from the scaoaed surface. 

Also, when the lateral magnification p in the composite 
system is larger than 8.5 times, in order to realize a pitch of 
scanning lines of 84.7 jum corresponding to the minimum dot 
density of 3CX) dpi rcquued to the optical scanner, a space 
between light emitting sections in the light source for a 
multi-beam becomes not more than 10 ywm, and "thermal 
crosstalk (a phenomenon that light emission in other light 
emitting section is affected by heating in one light emitting 
section)" between LD light emitting sections or LED li^t 
emittii^ sections rs^idly increases, so that it is di£&ailt to 
control discretely blinking of each of the light emitting 
sections. 

Ttit l^t source for a naulti-beam has also two LD light 
emitting sections, and the two lig^t emitting sections can be 
provided at synunetric positions with respect lo an optical 
axds-of a collimate lens. In this case, as a light source for a 
mtdti-beam, one having a space between the two LD light 
emitting sections of 14 /an is used, and a lateral magnifi- 
cation p in a direction corresponding lo the auxiliary scan- 
ning in the composite system of an optical system between 
the light source for a multi-beam and the scanned surface 
can be made 4.536 times. 

Turthcr, by satisfying the conditions, the lengthy lens 
included in the second image-formation system can cffec- 
lively be separated from the scanned surface, and in order lo 
realize a pitch between scanning lines of 84.7 /mi corre- 
spondir^ to the minimum dot density of 300 dpi required to 
the optical scanner, a space between light emitting sections 
in the light source for a multi-beam can be maintained by not 
less than 1 0 /im with which thermal crosstalk does not occur. 

In the present invention, a diameter of a light spot or a 
pitch between scanoir^ lines on the scanned surface are 
decided mainly by means of an image forming magnification 
in "an optical system in the side of the light source side** and 
an image-forming magnification in the second image- 
formation system according to a coupling lens and the first 
image formation system. 

The image-forming magnification of the optical system in 
the side of the light source is decided by means of a 
magnification of the coupling lens and an image-forming 
magnificanon of the first image -formation system, however, 
a light flux coupled by the coupling lens is weak in con- 
verging performance or in diverging performance even in 
both cases where the light flux becomes a light flux lo be 
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converged and where it becomes a ligjit flux to be diverged, 
so that a value of an image-forming magnificaiion of the 
optical system in the side of ihc light source becomes 
substantially close to a ratio between a focal length of a 

5 coupling lens and that of the first image-formation system. 
When the value becomes lower than a lower limit of the 
condition (I), a focal length in the first image-formation 
system for realizing a magnification required for an optical 
system in the side of the light source becomes smaller, and 

10 the fiist image-formation system approaches the optical 
deflector too close, which causes an obstacle for a layout of 
the optical arrangement. Espedally, when the first image- 
formation system comprises "a piece of lens**, and the 
second image-formation system includes a constant-velocity 

15 optical-scanning image-forming minor, sometimes there 
may occur a case where a light flux reflected on the 
constant-velocity optical-scanning image-forming mirror is 
truncated by the first image-formation system. 

Other objects and features of this invention will become 

20 understood from the following description with reference to 
the accompanying drawings. 

BUikF DESClUiniON OF VHh DRAWINGS 

FIGS. lA and IB show views each for explaining 
Embodiment 1 of the invention according to claim 1 of the 
present invention; 

FIGS. 2A and 2B show views each for explaining optical 
arrangement in Embodiment 1 shown in FIGS. lA and IB; 

30 FIG. 3 shows views each for explaining a deviation rate 
of a pitch; 

FIG. 4 shows views each for explaining a deviation rate 
of a pitch in an example of comparison; 

FIGS. 5A and 5B show views each foi explaining 
^ Embodiment 1 of the present invention; 

FIGS. 6A and 6B show views each for explaining optical 
arrangement in the embodiment shown in FIGS. 5A and 5B; 

FIG. 7 is a view for e?q>laining a lengthy toroidal lens as 
^ a lengthy lens included in the second image-formation 
system; 

FIGS. 8 A to Hll ^ow views each showing curve of- an 
image surface as well as constant velocity characteristics to 
a light flux from each uf light emitiing sections in one of 
45 examples for carrying it out for Embodiment 1 shown in 
FIGS. 5A and 5B; and 

FIG. 9 is a view showing cur\'ature states of four scanning 
lines concurrently scanned in the above example for 
Embodiment 1 shown in FIGS. 5A and 5B. 

50 

DESCRIPTION OF THE PREFERRED 
HMBODlMEN'l^> 

In FIG. lA, a light source 1 for a multi-beam is, as shown 
in Fig. 1R, a monolithic semiconductor laser having two 1 ,D 
Uj^t emitting sections la and lb provided therein so that the 
two light emitting sections la, lb are arranged with a space 
d in a direction corresponding to the auxiliary scanning. 

In FIG. lA, both of two light fluxes radiated fi-om the two 
60 LD light emittii^ sections la and 16 in the light source 1 for 
a multi-beam are converted to parallel ones by a coUimate 
lens 2. 'Ibc LD light emitting sections la and lb in the light 
source 1 for a multi-beam arc provided at positions each at 
an equal distance (d/'2) from the optical axis of the coUimate 
55 lens 2 respectively. 

The two light fluxes radiated from the collimate lens 2 are 
cut oJT in each of peripheral i>eciiuns of the light fluxes by an 
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aperture 8 for beam formation to enter a cylinder lens 3 as 
a first image-formation system. 

The cylinder lens 3 has positive power only in a direction 
corresponding to the auxiliary scanning, focuses the two 
light fluxes only in the direction corresponding to the 
auxiliary scanning respectively, and forms an image as two 
line images each long in the direction corresponding to the 
main scanning. 

Apolygon mirror as '*an optical deflectOT** has a deflecting 
reflection surface 4 adja^nt to a position for forming images 
of the two line images and deflects the two ligjit fluxes. The 
deflected two light fluxes are separated £rom each other in 
the auxiliary direction on the scanned surface (the peripheral 
surface of a drum-shaped photosensitive body) 7 according 
to an f6 lens 50 (comprising two pieces of co-axial lenses Sa 
and Sb) constituting "the second image-formation system" 
and action of image-formaiion by a lengthy lens 6 for 
correcting surface ofifeet, and are convened as two ligJit 
spots optically and concurrently scanning the surface to be 
scanned in accordance with deflection of the light fluxes. 
The lengthy lens 6 is **a lengthy toroidal lens". 

In the embodiment shov>m in FIG. lA, the li^l fluxes 
passing through the second image-formation system are bent 
in their light path by a light path bendii^ mirror 9. are 
focused on the photosensitive body 7 with the peripheral 
surface thereof matching -with the scanned surface, and 
optically scan ihe peripheral surface thereof. Accordingly, 
the scanned surface is optically and concunently scanned 
with two scaiming lines. 

FIGS. 2A and 2B show optical arrangement "on the 
virtual light path" as described above linearly extending 
along the optical axis the distance from the light source 1 for 
a multi-beam and the scanned surface 7, and in FIG. 2A, the 
vertical direction indicaes '*a direction correspoxxling to the 
main scaiunng"» while in FIG. 2B, the vertical direction 
indicates "a direction corresponding to the auxiUary scan- 
ning". 

The fe lens 50 and the lengthy lens 6 make, in the 
direction corresponding to the auxiliary scanning, the posi- 
tion of the deflecting reflection surface 4 and that of the 
scanned surface 7 have a conjugational relation, and for tins 
reason the lengthy lens 6 has a function of correcting 
"surface ofikel" of the polygon mirrors an optical deflector. 
Assuming that a focai length of the coiiimaie lens 2 is f 2 a 
focal length of the lengthy lens 6 is f^, the relation therebe- 
tween is f2<f6. 

Description is made for Embodiment 1 of the invention 
according to claims 3 to 6 of the present invention with 
reference to FIGS. 5A and 5B. 

In FIG. 5A, a light source 10 for a multi-beam is a light 
source with a plurality of LD light emitting sections (four 
sections in the figure) or LED light emitting sections 
arranged in the direction corresponding to the auxiliary 
scaiming. 

A plurality of light fluxes from the light source 10 for a 
multi-beam are coupled to the "image-forming optical sys- 
tem" by a coupling lens 15, each of the light fluxes becomes 
parallel fluxes, or a flux weak in converging performance or 
weak in diverging performance, a diameter of >^i3ich is 
restricted by an aperture 20 for beam formation, goes into a 
piece of cylinder lens 25 as "the lirsi image-lbrmalion 
system having positive power only in the direction corre- 
sponding to the auxiliary scanning", whereby images are 
formed as "a plurality of line images each long in the 
direction corresponding 10 the main scanning" on a place 
adjacent to the deflecting reflection surface of the polygon 
mirror 30 which is an optical deflector. 
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The plurality of light fluxes deflected by the polygon 
mirror 30 go into the constant-velocity optfcal-scanniiig 
image-forming mirror 41 to be reflected therefrom, separate 
from each other in the auxiliary scanning direction on the 

5 peripheral surface of the drum-shaped photosensitive body 
500 actually forming the ^'scanned surface" through a 
lengthy toroidal lens 45 as a lengthy toroidal lens together 
with the constant-velocity optical-scanning image-forming 
mirror 41 constituting the second image-formation system, 

10 axe converged as a plurality of Ugjat spots (four spots in the 
figure) for optically and concurrently scanning the scanned 
surface in accordance ^tb deflection of the light fluxes, and 
a plurality of scanning lines SI, S2, S3, S4 are optically and 
concurrently scanned. The scanning lines SI, S2, S3, S4 are 

15 **adjacent to each other". 

A lateral magmfication ^ in the direction corre^onding to 
tbc auxiliary scanning in the composite system (the coupling 
lens 15, cylinder lens 25, constant-velocity optical -scanning 
image-forming minor 41, lengthy toroidal lens 45) of the 

20 optical system between the light source 10 for a multi-beam 
and the scanned surface is a ratio D^o/D^q between a space 
D^Q of two at^acent light emitting sections in the light source 
10 for a multi-beam in tbc direction corrcspondii^ to the 
auxiliary scanning and a space D20 of scanning lines by light 

25 spots according to light fluxes from those light emitting 
sections, and is set in a range of *'2<p^S,5'*. 

The constant-velocity optical-scanning image-forming 
mirror 41 reflects li^t fluxes deflected at constant velocity, 
has, together with the lengthy toroidal lens 45, functions for 

^ forming images on the scanned surface as ligjht spots as well 
as for making constant the scanning speed of the light spots, 
and because of this fimctioa for constant velocity thereof, 
this mirror is called as "a constant-velocity optical-scanning 

^ image-fonning minur^. 

FIG. SB shows a state of flic light path firom the polygon 
mirror 30 to the photosensitive body 500 viewed flnnm the 
dlcection corresponding to the main scanning. Hie constant- 
velocity optical-scanning image-forming mirror is shifled to 
^ the upper side in the figure by a shift rate AZ as shown in 
FIG. 5B for separating the incident light path of deflected 
light fluxes from the polygon mirror 30 from the light path 
of reflected and deflected light fluxes. 

In a case where the second image-formation system 

45 comprises an f6 lens and a lengthy toroidal lens, although 
there is a problem that eflcct of constant velocity according 
to the f6 lens is changed in accordance vaih a wavelength of 
a light flux and optical scanning with each light spot is 
executed at a different scanning speed if there is "wave- 

5C length deviation" in a light source for a multi-beam, a light 
flux reflected and deflected by the constant-velocity optical- 
scanning image-forming mirror is not affected by wave- 
length deviation, and for this reason, the above problem does 
not occur even if a light source for a multi-beam comprising 

55 "two or more LD light emitting sections or LED light 
emitting sections in hybrid combination thereor which 
might generate wavelength deviation is used. 

An element monolithically having two or more LD light 
emitting sections or LED light emitting sections may be 

60 used for a light source 10 for a multi-beam, or "an element 
having two or more LD light emitting sections or LED light 
emitting sections in hybrid combination thereof may also 
be used as described above. 

In the embodiment described above with reference to 
65 FIGS. lA and IB and FIGS. 2A and 2B, resolution on the 
scanned surface by means of optical scanning was set to 400 
dpi (a pitch between scanning lines: 63^ /mi, a distance in 
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FIGS. 2A and 2B:d7). An element having a space d between 
the two LD light emitting sections la and 1^ of 14 /«n was 
used as the light soutxx 1 for a miiiti-beam, 

A lateral magnification in the composite system 
including the collimate lens 2« the first image-fonnation 
system 3, and the second Image-formation system (the 
fOlens 50 and the lengthy lens 6) in the direction corre- 
sponding to the auxiliary scanning may be set to 63.5 jWm/14 
^^m-4.536 times. 

« 

When it is set, **a distance from the optical axis of the 
collimate lens 2** to each of the LD light emitting sections 
la, lb in the l^ht source 1 for a multi-beam is 7 /an. The 
lateral magnification p of 4336 times satisfies the condi- 
tional expression (1). 

As a result of designing the collimate lens 2, cylinder lens 
3, £6 lens 50, and lengthy lens 6 to realize the above lateral 
magnification p which is 4.536 times, the following values 
are obtained such as a focal lex^th of the collimate lens 1: 
f^- 15 .9 15 mm and a focal length of the lengthy lens 6: f ^-TO 
mm, so that ihe lengthy lens 6 can be provided sufficiently 
apart from the scanned surface, which makes it possible to 
cfectiveiy reduce dirt thereonto due to splashed toner. 

Also, the distance between the LD light emitting sections 
la, 1^ in the light source 1 for a multi-beam and the optical 
axis of the collimate lens 2 is small such as 7 /4m, and a 
deviation rate of a pitch described later becomes smaller, 
whereby it is possible to sufficiently insure fidelity in repro- 
duction of a recorded image. 

The distance between the LD light emitting sections la, 
lb and the optical axis of the collimate lens 2 is small such 
as 7 /on, whereby wave surface aberration of two light flnxes 
radiated from the collimate lens 2 is also small, so that 
degradation in a farm of a light spot due to the wave surface 
aberratioa hardly occuis. 

nC 3 shows, in a case of the above embodiment, states 
of two scanning lines U, 12 concuirenlly and o|rticaily 
scanned by two light spots by exaggerating Ihem. Any of the 
two LD light emitting sections Id in the Hght source 1 
for a multi-beam is not present on the optical axis of the 
collimate lens 2 (which is matched with the optical axis of 
the cylinder lens 3 and the f9 lens 50/Iengthy toroidal lens 
6) , and the two scanning lines become curves each bent in 
Ihe direcliun of auxiliary scanning. The LD light emitting 
sections are provided at positions '^syomietric in the direc- 
tion corresponding to the auxiliary scanning" with respect to 
the optical axis thereof, so that curves of the scanning lines 
also become "forms symmetric with respect to the direction 
corresponding to the auxiliary .scanning". 

As shown m FIG. 3, it is assumed herein that "a maximum 
value" of a ^ace h between two scaiming lines 11 and 12 
adjacent to each other is set to bj and "a minionim value" 
thereof is h-. 

A deviation rate ft of a pitch between .scanning lines i-s 
defined as described later according to a difference between 
the hi and h,: Ah"h-,-h^ as well as to a normal pitch (a pitch 
between scanning lines decided directly firom dpi) P.v» 

Generally, a deviation rale of a pilch therebetween which 
can maintain fidelity in reproduction of a recorded image is 
assumed to be **not more than about 8 to 10%**. 

In the embodiment. Ah is 6.14 /on. P,v is 63.5 um, 
accordingly, a deviation rate of a pitch is as follows: 
6=(6.14/63.5)xl00«Q.7%, so that fidelity in reproduction of 
a reconied image can sufficiently be mainlained. 
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For ihe purpose of comparison, "three LD light emittiag 
sections with a space d thereamong by 28 p(m" are used as 
a light source for a multi-beam in the optical arrangement in 
the above embodiment as it is (the central light eniitting 
5 section thereof is positioned on the optical axis of the 
collimate lens and each of the light emitting sections in both 
sides is apart by 28 /mi from the optical axis thereof in the 
direction corresponding to the auxiliary scanning 
respectively), and the three scanning lines are scanned at the 
same time. 

The lateral magnification ^ in the optical system (the 
composite system including the collimate lens 2, the fixst 
image-fonnation system 3 and the second image-fonnatioD 
system) between the light soiuce 1 for a multi-beam and the 
scanned surface is 4*536 times, and for this reason the three 
light spots on the scanned surface are separated from each 
other by 28 /<mx4.536-127 /on in the direction of auxiliary 
scanning. 

In this case, scanning lines to concurrently be scanned are 
"'alternate lines" as shown in FIG. 4. Namely, scanning lines 

20 21, 22, 23 each indicated by a solid line are concurrently 
scanned in a first optical scanning, scanning lines 31, 32, 33 
each indicated by a broken line arc concurrently seamed in 
the next optical scanning, and scanning lines 41, 42, 43 each 
indicated by a dashed line are concurrently scanned in the 

25 following optical scanning. The same operations are carried 
out thereafter and on. 

At that time, a deviation rate of a pitch 6is a proportion of 
a difierenoe hj/h^ between the maximum space hj and the 
m kii mum space h2 between adjacent scanning lines as 

30 shown in FIG. 4 to a normal pitch (127 /oti/'2«63.5 /nn) 
between scanning lines. 

In contrast to Ah*6.14 /«n as described above in the 
embodiment, in this example for comparison, the ^ace 
therebetween becomes four times as large as thai in the 

35 osbodiment such as Ah-2456 pasa, the deviation rate of a 
pitdi is such largp as f61iows:6-(2436/633)xl00-38,68%, 
90 Hiat fidelity in reproduction of a recorded image can not 
sufficiently be maintained. 
DegradatioD in a form of a light spot due to wave surface 

40 aberration is also significant in two spots in both sides in the 
direction of auxiliary scanning out of three light spots, which 
also causes the fidelity in reproduction of a recorded image 
to be degraded. 
The optical system in the multi-beam optical scanner 

45 acc(»ding to the embodiment described above with refer- 
ence to FIGS. 5A and 5B arc constructed as shown in FICS. 
6A and 6B. FIG. 6A, FIG. (iB .show a h'ght path in a portion 
from the light source 10 for a multi-beam to the constant- 
velocity optical-scaimii^ image-forming mirror 41 in the 

50 entire light path from the light source 10 for a multi-beam to 
the scanned surface assuming that the partial light path is 
"linearly extended**. 

The light source 10 for a multi-beam has, as shown in 
FIG. 6B, four LD light emitting sections LDl, LD2, LD3, 

55 LD4 each with a wavelength of emitted light of 780 nm 
spaced uniformly with a space P between the light emitting 
sections of 14 fmi in the direction corre^onding to auxiliary 
scamung. 

The coupling lens 15 is "a plane-convex regular lens*' 
60 having a curvature radius of a surface in the side of the light 
source: r^j,^«oo(plane), a curvature radius of a surface 
(spherical surface) in the side of the cylinder lens 25:rf ^» 
-10.2987 mm, a wall thickness of the lens: d^-^S mm, a 
wavelength of a material to a hght havii^ a wavelength 780 
65 nm: UcrW -712205, and a ibcai length: 1^14.46 mm. 

The cylinder lens 25 as one piece of the first image- 
Curmation system having posiiivc power only in Ibe direc- 



tion correspodding to auxiliary scanning has a convex 
cylinder surface with a curvature radius of a Hnc in the side 
of the light source: Tcy2^'2.9.5 mm, a cur\'aturc radius in the 
side of Ihe deflecting refleciion surface Ihereof: r^-y^-ooto 
(plane), a wall thickness of the lens: d^ry-S mm, a wave- 
length of a material to a l^ht having a wavelength 780 nm: 
Dcy .1.511176, and a focal length in the direction corre- 
sponding to auxiliary scanning: f^^SlJX mm. 

Spaces of optical elements: Dj, Dj, D3, D4 on the light 
path, as shown in FIG. 6B, from the light source 10 for 
multi-beam to a deflecting reflection surface 300 of the 
polygon mirror 30 are as follows: Di -12^69 mm, D2«-14. 
46 nmi. D3-2O mm, and D4-57.8 mm. 

Each of the l^t fluxes coupled by the coupling lens 15 
is "a light flux weak in divergence", and a starting point of 
a virtual divergence is positioned at **-1712.082 mm" 
obtained by measuring a space £rom the reflecting surface of 
the constant-velocity optical-scanning image-forming mir- 
ror 41 to the side of the light source. Namely, the coupled 
light fluxes go into, assuming that other optical system is not 
provided therein, the constant-velocity optical-scanning 
image-forming mirror 41 as diverging light fluxes as if they 
ace radiated from the position apart by —1712.082 mm &om 
the reflecting surface of the constant-velocity optical- 
scanning image-forming mirror 41. 

The constant-velocity optical-scanning image-forming 
mirror 41 is a reflecting mirror having "a reflecting surface 
with a concave surface of a coaxial non-spherical surface" 
obtained by rotating a curve indicated by the expression 
described below around the X-axis using a coordinate in a 
direction of the optical axis: X, a coordinate in a direction 
crossing the optical axis at right angles: H, a paraxial 
curvature: C(»I/R; R indicates a radius of a paraxial 
curvature) , a conical constant: K, and a coefficient of higher 
orden 

X(H)-CH^/[+v[l-(l+K)C'H' l+ZAf-ff ... (2) 

Wherein the i-th power indicates the 4-th, 6-th, 8-th, 10-th, 
12-th, . . . power. 

In the embodiment which is now being described, the 
form of the reflecting surface of the constant-velocity 
optical-scanning image-forming mirror 41 is obtained by 
setting the above R, K, arid A, to values respectively as 
follows: 

R— 405.046 mmOC —3.46661, 
A4-5.12269xl0-^^ A«^9. J 9756x10-15,1 
A^i.l4431xlO"'^'*.Aio— 1-39095x10-'^ 

Assuming that a distance from the deflecting reflection 
surface 300 to the reflecting surface of the constant-velocity 
optical-scanning image -forming mirror 41 is set to "Lo" as 
23 shown in FIG. 6A, 1.0'^* equal to 124. 179 mm. 

As shown in FIG, 6B, a sliift rate of the constant-velocity 
optical-scanning image-forming mirror 41 is as follows: 
AZ-17 mm. The constant-velocity optical-scanning image - 
forming mirror 41 is also tilted by an angle in the direction 
corresponding to main scanning of 0.2 degree in a 
surface in parallel to the surface on which the light fluxes are 
deflected by the deflecting reflection surface 300. 

The lengthy toroidal lens 45 which is long in the direction 
corresponding to main scanning is provided on the Ughl path 
from the constant- velocity optical-scanning image-forming 
mirror to the scanned surface, has an ordinary "normal 
toroidal surface", as shown in FIG. 7, as a convex surface of 
the lens surface thereof, and is provided so that this normal 
toroidal surface is directed to the side of the scanned surface. 
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The concave surface in the side of the constaol-velociiy 
optical-scanniag image-forming minor 41 of the lengthy 
toroidal lens 45 Is "a barrel type of toroidal surface obtained 
by rotating a curve having a non-circular arch (in the figure, 

5 described as * a non-circular curve' . It is generally described 
by the expression (2)) around the rotation axis in parallel to 
the direction corresponding to main scanning, in which a 
radius of the curvature in the direction corresponding to 
auxiliary scanning decreases with distance from the optical 

JO lens in the dlfection of main scaoning''. 

It is assumed thai each radius of the curvature, of the 
lengthy toroidal lens 41, on the optical axis in the direction 
corresponding to main scanning is described respectively as 
follows: r^ (a side of the constant-velocity optical-scanning 

15 image-forming mirrOT), Xj^^ (a side of the scanned surface), 
(a side of the constant-velocity optical-scanning image- 
forming mirror), and r^, (a side of the scanned surface) To 
discriminate the expression (2) indicating "a non-ciicular 
curve*' shown in FIG. 7 from a case indicating a form of the 

20 reflecting surface in the constant-velocity optical-scanning 
imagc-foiming mirror 41, x(H) is expressed as follows: 

X(H>-CH2/{1 +V[1-<1+k:>C2h2 H+SIa^-tf ... (3) 

^ and relating to the barrel type of toroidal surface, the form 
thereof is specified by giving the following values; r^^ 
;<i«»a8»*io- ^ assumed thai a wall thickness 
of the lengthy toroidal lens 45 on the optical axis is dy^ and 
a wavelength thereof is n-jj^ 

^ As shown in FIGS. 6A and 6B, a light path length from 
the constant-velocity optical-scanning image-forming mir- 
ror 41 to the lengthy toroidal lens 45 is set to "L" with a 
deflecting angle of zero (0) , and a distance from the side 
face of the scanned surface of the lengthy toroidal lens 45 to 

^ the scanned surfece 500 is set to "Da". 
Those vahies are as described below: 

Tjvi-e92. 522 mmJC — i.7171, 

84— 8.45792x30-**»,a6-1.0987aKlCr** 

att.3.47422xl0-".aiu-2,92312xl0-2» 

rji-€9.2,drff-3.254,ii^l.5721 

rAr>-667.0S7 _39,8 mm 

L-105.53 mm, D5-122^7 ram 

The lengthy toroidal lens 45 is shifted, as shown in FIGS. 
6A and 6B. by a shift rale Z45of 7.6 mm upward from a plane 
surface formed according to deflection of light fluxes with 

5C the optical axis thereof deflected by the optical deflector, and 
the optical axis thereof is tilted by a tilt angle: 5- 1.28 
degrees toward the plane surface. 

FIGS. 8 A to 8D show curves of image surfaces (the 
broken line indicates a direction of main scanning, the solid 

55 line indicated a direction of auxiliary scanning) in an angle 
of view of ±40 degrees and constant-velocity performance 
(computed by the expression of f6 characteristics) in the 
multi-beam optical scanner having the configuration 
described above, FIG. 8A to flG. 8D correspond to light 

60 fluxes radiated from the light emitting sections LDl to LD4, 
Hispeclively. The curves of image surfaces and consiani- 
veiodty performance are found extremely sufiBcient to any 
of the four light fluxes. 

FIG. 9 shows states of curves in four scanning lines SI to 

65 S4 concurrently scanned (correspond to the light fluxes trom 
the light emitting seciioos LDl to LD4, respectively). A 
curving rate oC each scanning line is quite small such 25 
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to 28 /an as compared to a scanoing width in the direciioo 
of main scanning of 297 mm. Also, any of the four scanning 
lines concurrently scanned arc directed to ihc same direction 
in the curve thereof, and for this reason, each pitch between 
scanning lines is uniform, and "pitch deviation" thereof is 
quite small such as 1.3 to 1.7 /im. That is because '^a 
constaDl-velociiy optical -scanning image-forming mirror is 
used". 

The lateral magnification ti in the composite system of the 
optical system from the light source 10 for a mulli-beam to 
the scanned surface 500 in the direction conesponding to 
auxiliary scanning is 3.02 times, which satisfies the condi- 
tion (1). 

A lateral magnihcalion in the optical system 
(comprising the first image -formation system and the cou- 
pling lens) from the light source 10 for a multi-beam to the 
dcflcciing reflection surface in the direction corresponding 
to auxiliary scanning is 4,337 times, and a lateral magnifi- 
cation p2 ID tbe second image -formation system-between the 
defiecting reflection surface and the scanned surface in the 
dircciion corrcspondmg to auxiliary scaiming is 0.73 times. 
The lateral magnification is a viiuc clo&c lo a value of a 
ratio: l^'l^j^3.991 bciwccu a focal length of the coupling 
lens: f^-^ 14.46 mm and a focal length of the cylinder lens 
25 as the first image-formation system in the direaion of 
auxiliary scanning: Icy^Sl, 71 mm. 

it is considered that each pitch I'o between the light 
emitting .scctioas T J>1 in I,D4 is around 10 /im allowable as 
a minim um pitch to avoid the "thermal crosstalk^ or the like, 
and if it is considered that the maximum value of an image 
density for optical scanning is 1200 dpi, the lateral magni- 



fication p is [5]2.1 1 7 to the pitch of of 10 |im at that time, so 



that, IS a ca&c where ibc above ckmeoi is used as the second 
image-fnnnaiion AyAtcm, in a focal length f^^ of the cou- 
pling |en&. a range Crooa 5 to 25 mm i& considered as a 
practical limitation thereof such that a lateral magnificatioD 
^ J in the aklc ol liji^t source from the defieaiog rcflectioD 
surface is 2.9 (2.1 1 7/0.73), and a range of a focal length f^- 
of the hm image -formation system combined with the 
coupbng lens as described above in the direction conc- 
sjionriing lo auxiliary scanning is 14.5 to 72.5 mm. When the 
hvdi icncih IS smaller, a layout of the optical arrange- 
iTKni Ls aifficuii because the second im ace -formation system 
IS close 10 the deflecting reflection surface. When the lower 
hmn oi a focai length f^y is 5 mm from conditions for the 
byoui, the lateral magnification ii is preferably larger than 2 
as shown in the condition (1). 

W^jcn ihc minimum value of an image densitv for optical 
scanning is 300 dpi and assuming that the pitch between 
light emitting sections Po is set to 10 urn, the lateral 
magnification pis not more than 6.5 times in adjacent 
scanmng as shown in the condition (1). In the magnification 
more than ibc above value, the pilch ihcrcbctwecn is smaller 
than 10 ;«n, which causes a problem of thermal crosstalk lo 
occur. 

As described above, with the present invention, it is 
possible to realize an entirely new multi-beam optical scan- 
ner. With the mulli-bcam optical scanner according to the 
present iDNXDtion, ii is possible to maintain fidelity io 
reproduction of a recorded image in a good condition bv 
eileciivciy reducing a deviation rale of a pilch bciwecn 
scanmng lines for optical scanning. In addition, a lengthy 
lens of the second image- form at ion system can be provided 
spaced from a scanned surface, so that dirt due to loner 
splashed from the lengthy lens can efl'ectivcly reduced. 

Also, scanning lines concurrenliy scanned are adjaceni to 
each oiber. so that ihcrc is no sucn a problem lhat "sclcciion 
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of a signal for modulating each beam is irregular, which 
causes optical scanning to be easily complicated" like in the 
interlace scanning. 

Further, a position of the first image-formation system to 

5 be arranged is not too close to an optical deflector, so that a 
layout of the optical arrangement can easily be provided. 

In the another aspect of the present invention, by using a 
constant-velocity optical-scanning image -fomoing mirror, 
the curves of a plurality of scanning lines concurrently 
scanned are directed to the same direction, so that, "a 
deviation rate of a pitch" is small even three or more 
scanning lines are scanned at the same time, and for this 
reason, optical scanning for a recorded image can be realized 
in high quality, non-uniformity in constant-velocity perfor- 
mance due to "wavelength deviation" does not occur even if 
a light source for a multi-beam with two or more LD light 
emitting sections or LED light emitting section provided in 
"hybrid** combination thereof. 

This implication is based on Japanese patent applicalioo 
Nos. HEI 8-142791 and HEI 9-002334 filed in the Japanese 

20 Patent OfiQce on Jun. 5, 1996 and Jan. 9, 1997, respectively, 
the entire contents of which are hereby incorporated by 
reference. 

Although the invention has been de.scnhed with nspcct to 
a specific cmbodlmcat for a complete and clear disclosure, 
^ the appended claims are not to be thus limited but are to be 
construed as embodying all modifications and alternative 
constructions that may occur to one skilled in the an which 
fairly fall within the basic teaching herein set forth. 
What is claimed is: 
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1 . A multi-beam optical scanner 
comprising: 

a light source for [a multi-beam] 
providing a pair of light beams : 

[a coupling lens for coupling a 
plurality of light fluxes from said light 
source for a multi-beam to an image- 
forming optical system;] 

a first image-formation system 
for focusing [a plurality of light fluxes 
coupled by said coupling lens] the pair 
of light beams from the light source in 
a direction corresponding to auxiliary 
scanning and forming [them to] the pair 
of light beams into images as a plurality 
of line images each [long] having a 
longer side in a direction corresponding 
to main scanning; 

an optical deflector having a 
deflecting reflection surface adjacent to 
positions where [images as] said 
plurality of line images are formed for 
deflecting [said plurality of light fluxes] 
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the pair of light beams : 

a second image-formation 
system for separating the [plurality of 
light flxaxes] pair of light beams 
deflected by said optical deflector jfrom 
each other in a direction of auxiliary 
scanning on a scanned surface and 
converging the [plurality of light 
fluxes] pair of light beams as a plxirality 
of light spots for optically scanning said 
scanned sxirface in accordance with 
deflection of the pair of light [fluxes] 
beams : wherein 

a lateral magnification p in a 
direction corresponding to the auxiliary 
scanning [in a composite system] of the 
optical [system] scanner between said 
light source [for a multi-beam] and said 
scanned surface is as follows: 

2<p<8.5 

[and the plurality of light spots on the 
scanned surface optically scan scanning 
lines adjacent to each other]. 
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2. A multi-beain optical scanner 
according to claim wherein said 
light source [for a multi-beam] 
comprises at least two [or more] LD 
light emitting sections [or LED light 
emitting sections] monolithically 
provided therein. 

3. A multi-beam optical scanner 
according to claim 1 J;] wherein said 
light source [for a multi-beam] 
comprises at least a pair of [two or 
more] LD light emitting sections [or 
LED light emitting sections] in [hybrid] 
combination [thereof]. 

4. A multi-beam optical scanner 
according to claim wherein said 
light source [for a multi-beam has] 
comprises two LD light emitting 
sections, [and] wherein said LD light 
emitting sections are provided 
symmetric with respect to an optical 
axis of a coupling lens. 

5. A multi-beam optical scanner 
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according to claim [wherein said] 
further co mprising a coupling lens [is a 
coUimate lens] for [coUimating a 
plurality of] coupling a light [fluxes] 
beam from said light source [for a 
multi-beam at the same time]. 

6. A multi-beam optical scanner 
according to claim U[;] wherein said 
second image-formation system 
includes a lengthy lens provided in a 
side of the scaimed surface. 

7. A multi-beam optical scanner 
according to claim 1 J;] wherein said 
first image-formation system comprises 
a [piece of] lens having power only in 
the auxiliary scanning direction, while 
said second image-formation system 
comprises a constant-velocity 
optical-scanning image-forming mirror 
and a lengthy lens each provided on the 
side of the scanned surface. 

[8. A multi-beam optical 
scaimer according to claim 1 ; wherein a 
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lateral magnification p in a direction 
corresponding to the auxiliary scanning 
in a composite system of the optical 
system between said light source for a 
multi-beam and the scanned surface is 
as follows: 

2<p^8,5.] 

9. A multi-beam optical scanner 
according to claim L wherein the 
second image-formation system 
comprises a focusing portion for 
focusing the plurality of light spots on 
the scanned surface into scanning lines 
that are adjacent to each other. 

10. A multi-beam optical 
scanner a ccording to claim 1. wherein 
said light source comprises at least two 
LED light emitting sections 
monolithicallv provided therein. 

11. A multi-beam optical 
scanner a ccording to claim 1 . wherein 
said light source comprises at least a 
pair of L ED light emitting sections in 
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combination. 

12, A multi-beam optical 
scanner according to claim 5. wherein 
said coupling lens is a coUimate lens for 
collimating a light beam from said light 
source at the same time. 

13, A multi'beeim optical 
scanner comprising: 

a pair of light beams: 

a first image-formation system 
for focusing the pair of light beams 
from the light source in a direction 
corresponding to auxiliary scanning and 
forming the pair of light beams into 
images as a plurality of line images 
each having a longer side in a direction 
corresponding to main scanning: 

an optical deflector having a 
deflecting reflection surface adjacent to 
positions where said plurality of line 
images are formed for deflecting the 
pair of light beams: 

a second image-formation 
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system for separating the pair of lig ht 
beams deflected hv said optical 
deflector from each other in a direction 
of auxiliary scanning on a scanned 
surface and converging the pair of lig ht 
beams as a plurality of light spots for 
optically scanning said scanned surface 
in accordance vAth deflection of the 
pair of light beams: wherein 

a lateral magnification p in a 
direction corresponding to the auxiliary 
scanning of the optical scanner is as 
follows: 

2<p<8.5. 

1 4. An image forming 
apparatus comprising: 

a multi-beam optical 
scanner including: 

a light source for 
providing a pair of light beams: 

a first image-formation 
system for focusing the pair of 
light beams from the light 
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source in a direction 
correspon ding to auxiliary 
scanning and forming the pair 
of light beams into images as a 
plurality of line images each 
having a longer side in a 
direction corresponding to main 
scanning: 

an optical deflector 
having a deflecting reflection 
surface adjacent to positions 
where said plurality of line 
images are formed for 
deflecting the pair of light 
beams: 

^ second 

image-formation svstem for 
separating the pair of light 
beams deflected bv said optical 
deflector from each other in a 
direction of auxiliary scanning 
on a scanned surface and 
converging the pair of light 
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beams as a plurality of light 
spots for optically scanning said 
scanned surface in accordance 
with deflection of the pair of 
light beams: wherein 

a lateral magnification p 
in a direction corresponding to 
the auxiliary scanning of the 
optical scanner is as follows: 
2<p<8.5. 

15. An image forming 
apparatus comprising: 

a multi-beam optical 
scanner including: 
a pair of light beams: 

a first image-formation 
system for focusing the pair of 
light beams in a direction 
corresponding to auxiliary 
scanning and forming the pair 
of light beams into images as a 
plurality of line images each 
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direction corresponding to main 
scanning: 

an optical deflector 
having a deflecting reflection 
surface adjacent to positions 
where said plurality of line 
images are formed for 
deflecting the pair of light 
beams: 

a second 

image-formation system for 
separating the pair of light 
beams deflected by said optical 
deflector from each other in a 
direction of auxiliary scanning 
on a scanned surface and 
conyerging the pair of light 
beams as a plurality of light 
spots for optically scanning said 
scanned surface in accordance 
with deflection of the pair of 
light beams: wherein 

a lateral magnification p 
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in a direction corresponding to 
the auxiliary scanning of the 
optical scanner is as follows: 
2<p<8.5. 
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1 am authorized to act on behalf of the following 

company: Ricoh Company, Ltd. 

and the title of my position within said company is: Deputy General Manager of Legal Division, 

General Manager of Planning Office 

The entire title to the patent identified below is vested in said company. 



Name of Patentee(s) 




Kohji SAKAI et al. 




Patent Number 


Date Patent Issued 


5,831,758 


November 3, 1 998 


Title of Invention 




MULTI-BEAM OPTICAL SCANNER 





I believe said patentee(s) to be the original, first and sole or joint inventor(s) of the subject matter with is described 
and claimed in said patent, for which a reissue patent is sought on the invention entitled: 

MULTI-BEAM OPTICAL SCANNER 

the specification of which 
] ■ is attached hereto 

; o was filed on as reissue application number 

and (if applicable) was amended on 



I have reviewed and understand the contents of the abovfe-identified specification, including the claims, as 
amended by any amendment referred to above. 

_|| I acknowledge the duty to disclose infomiation which is materia! to patentability as defined in 37 CFR 1.56. 

-We (I) hereby claim foreign priority benefits under 35 USC §119<a)-(d) or §365(b) of any foreign application(s) for 
patent or inventor's certificate, or §365(a) of any PCT International application which designated at least one 
country other than the United States, listed below and have also identified below any foreign application for patent 
or inventor's certificate, or PCT international application having a filing date before that of the application on which 
priority is claimed. Prior Foreign Application(s): 



Application No. 


Country 


Day/IVIonth/Year 


Priority 
Claimed 


8-142791 


Japan 


05/06/1996 


Yes 


9-002334 


Japan 


01/09/1997 


Yes 





We (I) hereby claim the benefit under 35 USC §1 19(e) of any United States provisional application(s) listed below. 

Application Number Filing Date 



We (I) hereby claim the benefit under 35 USC §120 of any United States application(s), or §365(c) of any PCT 
International application designating the United States, listed below and, insofar as the subject matter of each of 
the claims of this application is not disclosed in the prior United States or PCT International application in the 
manner provided by the first paragraph of 35 USC §1 12, 1 acknowledge the duty to disclose information which is 
material to patentability as defined in 37 CFR §1.56 which became available between the filing date of the prior 
application and the national or PCT International filing date of this application. 

Application Serial No. Filing Date Status 



I 



I verily believe the original patent to be wholly or partly inoperative or invalid, for the reasons described below. 
(Check all that apply) 

□ by reason of a defective specification or drawing. 

■ by reason of the patentee claiming more or less than he had the right to claim in the patent. 

□ by reason of other errors. 
At least one error upon which reissue is based is described as follows: 



J. 



Reissue Application Declaration by the Assignee (Continued) 

All errors corrected in this reissue application arose without any deceptive intention on the part of the applicant. 



1 hereby appoint the following attorney(s) and/or agent(s) to prosecute this application and transact all business In 
the Patent and Trademark Office connected herewith: Norman F. Obion, Reg. No. 24,618; Marvin J. Splvak, 
Reg. No. 24,913; C. Irvin McClelland, Reg. No. 21,124; Gregory J. Maier, Reg, No. 25,599; Arthur I. Neustadt, 
Reg. No. 24,854; Richard D. Kelly, Reg. No. 27,757; James D. Hamilton, Reg. No. 28,421; Eckhard H. Kuesters, 
Reg. No. 28,870; Robert T. Rous, Reg. No. 29,099; Charles L. Ghoiz, Reg. No. 26,395; Vincent J. Sunderdick, 
Reg. No. 29,004; William E. Beaumont, Reg. No. 30,996; Robert F. Gnuse, Reg. No. 27,295; Jean-Paul Lavalleye, 
Reg, No. 31,451; Stephen G. Baxter, Reg. No. 32,884; Martin M. Zoltick, Reg. No. 35,745; Robert W, Hahl, 
Reg. No. 33,893; Richard L. Treanor, Reg. No. 36,379; Steven P. Weihrouch, Reg. No. 32.829; 
JohnT. Goolkasian, Reg. No. 26,142; Richard L. Chinn, Reg. No. 34,305; Steven E. Lipman, Reg, No. 30,011; 
Carl E. Schlier, Reg. No. 34,426; James J. Kulbaski, Reg. No. 34,648; Richard A. Neifeld, Reg. No. 35,299; 
J. Derek Mason, Reg. No. 35,270; Surinder Sachar, Reg. No. 34,423; Christina M. Gadiano, Reg. No. 37,628; 
Jeffrey B. Mclntyre, Reg. No. 36,867; and Paul E. Rauch, Reg. No. 38,591. 

Correspondence Address: 
OBLON, SPIVAK, McCLELLAND, MAIER & NEUSTADT, P.C. 

Fourth Floor 
1755 Jefferson Davis Highway 

Telephone: (703) 413-3000 Arlington, Virginia 22202. Facsimile: (703) 413-2220 

3 hereby declare that all statements made herein of my own knowledge are true and that all statements made on 
information and belief are believed to be true; and further that these statements were made with the knowledge that 
^iliful false statements and the like so made are punishable by fine and imprisonment, or both, under 18 U.S.C. 
1 001, and that such willful false statements may jeopardize the validity of the application, any patent issuing 
Jhereon, or any patent to which this declaration is directed. 



J Pull Name of Person Signing (given name, family name) 

.ln^asuhiro Tabata 



Bigna 




"Residence 

SJJtsukushigaoka-nishi, Aoba-ku, Yokohama-city, 
H<anagawa 225-0001 



Date ^, ^ ^ 




Citizenship 

Japan 



] Post Office Address Ricoh Technology Research, Inc., Nakamagome, Ohta-ku, Tokyo 143-8555 



"^StAMN 2/99) 



REISSUE APPLICATION 




Docket Number 


OFFER TO SURRENDER PATENT 


0557-4628-2 REISSUE 


This is part of the application for a reissue patent based on the original patent identified below. 


Name of Patentee(s) 






Kohji SAKAi et al. 






Patent Number 


Date Patent Issued 




5,831,758 


Novembers, 1998 




Title of Invention 






MULTI-BEAM OPTICAL SCANNER 







I am the inventor of the original patent. 
I offer to surrender the original patent 



One box 
must be 
checked 



■ Filed herein is a certificate under 37 CFR 3.73(b). 

□ Ownership of the patent is in the inventor(s), and no assignment of the patent has been made. 

The written consent of all assignees owning an undivided interest in the original patent is included in this 
application for reissue. 



Signature / . ^^^^^^^/-^ 




Type(**ur printed name of person signing for assignee ^ 

Yasuhiro Tabata 


The assignee owning an undivided interest in said original p 
and the assignee consents to the accompanying application 


atent is: Ricoh Company, Ltd. 


for reissue. 



I hereby declare that all statements made herein of my own knowledge are true and that all statements made on 
information and belief are believed to be true; and further that these statements were made with the knowledge 
that willful false statements and the like so made are punishable by fine and imprisonment, or both, under 18 
U.S.C. 1001, and that such willful false statements may jeopardize the validity of the application, any patent issuing 
thereon, or any patent to which this declaration is directed. 



Name of assignee 




Ricoh Company, Ltd. 




Signature of person signing for assignee 


Date 


Typed or printed name of person signing for assignee 




Yasuhiro Tabata 

{OSMMN 10/98) 





